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APPENDI X 1-1.1

SELECTED THERMAL PROPERTI ES AND URANI UM DENSI TY RELATI ONS
FOR ALLOY, ALUM NI DE, OXIDE, AND SILIC DE FUELS

J.E. Matos and J.L. Snel grove
RERTR Pr ogr am
Argonne National Laboratory

ABSTRACT

This appendi x presents data on the specific heat, thernmal conductivity,
and other properties of fuel neat materials commonly used, or considered for
use, in research and test reactors. Al so included are fornulae relating the
density of uraniumin the fuel neat with the weight fraction of uranium and
the volume fraction of the dispersed phase

1.0 URANI UM DENSI TY RELATI ONS

In general, the density and weight fraction of wuranium in fuel neat
conmposed of alum num a dispersed phase, and voids can be witten as:

(1-P W PY Pa

- = 1
Pu 1_aV\U W (1- P +apg (1)
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Wei ght Fraction of Uraniumin the Fuel Meat
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Wi ght Fraction of Uraniumin the D spersed Phase

Pa Density of Aluminum= 2.7 g/cm3

Pp = Density of the Dispersed Phase

A useful formula in relating the term nology used by physicists and the
term nol ogy used by fuel fabricators is the relationship between the uranium

D
density in the fuel neat and the volune fraction (Vf) of the dispersed
phase:

pU:V‘BPD VfD (3)



The derivation of these fornmulae is given bel ow
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2.0 THE URANI UM ALUM NUM SYSTEM

The urani um al um num system1 (Fig. 1) contains three conpounds - UAl 2,
UAl 3, and UAl 4 - which are fornmed during cooling down fromthe nolten state.

Some properti es? of these conpounds are listed in Table 1:

Table 1. Sonme Properties of Urani um Al um num Conpounds

Densi ty, Mel ting
Conpound g/ cm? wP Poi nt ,°C
UAI 2 8.1 0.813 1590
UAI 3 6.8 0.744 1350
UAI 4" 6.1 (Theoretical) 0.685 730

5.7 + 0.3 (Measured 3) 0.640

*The compound UAI 4 has a defect structure 3 in which some of the
uranium sites are unoccupied. The compound corresponds stoi-
chiometrically to UAI 4.9 (alsoreferredtoas U 0.9 Al 3).

Since UAI 2 and UAI 3 react with an excess of aluminum at moderate
temperatures to form UAI 4, the relative amounts of these compounds that are

present in the fuel meat of a finished plate or tube is a function of the

wt-% of the uranium and the fabrication processes and heat treatments that
are utilized.
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3.0 URANI UM ALUM NUM ALLOY FUEL

For uraniumalum num alloy fuel with less than ~25 wt-% U, the alloy is
nmostly al umi num and UAl 4. Above ~25 w-% U, a considerabl e anount of meta-

stable UAl3 may be present. The anobunt of retained metastable UAl 3
increases with increasing uranium content and wth increasing inpurity
content. If it is advantageous, the brittle UAl 4 phase can be suppressed4

in favor of the nore ductile UAl 3 phase through the use of ternary additions
such as silicon.

3.1 Uranium Density Relations for UAl Al oy Fuel

The densities of UAI3 and UAl 4, the corresponding weight fractions of
urani umin each compound, and the value of the paraneter a in Eq. (2) are:

Urani um Density,

Conpound o] cm’ M\UD a
UAl 3 6.8 0.744 0. 300
UAI 4 5.7+0.3 0.640 0.305

The relationships between the uranium density and the weight fraction of
uranium in the fuel meat, and between the uranium density and the volume
fraction of the uranium compound are:

. @-Ppw y W ) 0.370 Py
PU= 0370-aw §] U= (1-P)+a pU
pu=5.1v UAI3 pu=37v UAl4

3.2 Specific Heat of UWAl All oy Fuel

The specific heat of U-Al alloy fuel meat depends on the relative amounts
of its constituents and their respective specific heats. The specific heat

of "pure” aluminum is given by:

Cp,Al=0.892+0.00046 T J/gK, Tin°C (4)

Measured specific heats for pure uranium-aluminum compounds such as UAI 3
and UAI 4 are not available. The best data available are calculated 6 from
specific heat data 7 for uranium and aluminum employing Kopp's law 8 and
values of excess heat capacity. 9 The data presented in Ref. 6 yield the
following specific heats for UAI 3 and UAI 4:

Cp,UAI 3=0.329 +0.00021 T J/gK, Tin°C (20-600 °C) (5)

Cp,UAI 4 =0.473 +0.00024 T J/gK, Tin°C (20-600 °C) (6)



Usi ng V\bD = 0.744 for fully-enriched UAl 3 and V\(JD = 0.640 for
enri ched UAl 4:
Cp, LAl alloy = (1.0 - WJO0.744) Cp, Al + (WJO0.744) Cp, UAl 3
(100% UAI 3)
= 0.892 + 0.00046 T - Wy (0.757 +0.00034 T) J/g K, Tin°C
Cp,U-Al alloy = (1.0 - W U0.640)C pAl+(W /0.640)C p,UAl 4
(100% UAI 4)
=0.892 + 0.00046 T - W U (0.655 + 0.00034 T) J/g K, Tin °C
Since most plate-type research reactor fuels contain < 25 wt-% U, the
uranium compound in the fuel meat is mostly UAI 4. At 25 wt-% U and 40°C

for example, specific heats for U-Al alloy calculated assuming 100% UAI
100% UAI 3 differ by less than 4%. In practice, only a small fraction of the
uranium compound is likely to be UAI 3.

3.3 Thermal Conductivity of U A Alloy Fuel

The thermal concuctivity of U-Al alloy fuel meat decreases with

increasing weight fraction of uranium 10 as shown in Fig. 2. A linear
regression of the data points for the as-cast material yields the relation:

K=217-276 W U

K = thermal conductivity of fuel meat, W/cm K

W = weight fraction of uranium in the fuel meat.

Data presented in Fig. 3 for various uranium weight loadings in uranium-
aluminum alloy fuel indicate only a small decrease in thermal conductivity
with increasing temperature. Over the temperature ranges expected in
research and test reactors, the thermal conductivity of U-Al alloy fuel meat
can be assumed to be constant.

The thermal conductivity of a fuel plate can be calculated using:

tplate _ tmeat+ 2t (lad %)
Kplate Kmeat Kelad

where t plate t meatr@ndt 5q are the thicknesses of the plate, fuel meat,
and cladding, respectively.

The thermal conductivity of 1100 Al cladding, for example, is 2.22 W/cm
K. For U-Al alloy fuel meat containing 21 wt-% U with a thickness of 0.51
mm and 1100 Al cladding with a thickness of 0.38 mm, the thermal
conductivity of the fuel plate would be 1.92 W/cm K.

fully-

4 and



4.0 UAl x- Al DI SPERSI ON FUEL

The information presented in Section 2.0 on the urani umalum num system
also applies to UAl x-Al dispersion fuel. The three broad steps in the

manuf acture of UAl x-Al dispersion fuel are production of the UAl x powder,
fabrication of the UA x-Al core conpacts, and fabrication of the fuel
pl at es.

Specified and typical properti es1l of the uAl x powder and UAl x-Al core
conpacts that are used to manufacture finished fuel plates with uranium

densities up to 1.7 g/cmg for the Advanced Test Reactor (ATR) are shown in
Table 2. Typical UA x powder consists of about 6 wt-% UAIl 2, 61 wt-% UAl 3,

and 31 wt-% UAl 4. During the hot rolling and annealing steps in fabricating
fuel plates, alnost all of the UAl2 reacts with alum num fromthe matrix to
form UAl 3 and sonme of the UAI 3 reacts with aluminumto form UAl 4. Thus, the
core (fuel neat) of a finished plate contains UAl3 and UAl4 as the fuel
conpounds. The actual fractions of UAl3 and UAl4 in a finished plate wll

vary from manufacturer to manufacturer depending on the processes and heat
treatnments that are utilized in fabricating the powder, core conpacts, and
fuel plates.

In the followi ng discussions, it is assumed that the UAl x in the fuel
meat of finished fuel plates consists of 60 wt-% UAl 3 and 40 wt - % UAl 4.

4.1 Uranium Density Relations for Al um ni de Fuel

For UAlx in the neat of finished fuel plates that consists of 60 w-%
UAl 3 and 40 wt-% UAl 4, the density of the UAl x is:

Pual y = Wai 3 Puai 3 + Wial 4 Pual 4

= 0.6 (6.8 + 0.4 (57 =6.4g/cmd

using the measured densities of UAl3 and UAl 4 from Table 1. Addi tionally,
the weighted value of x in UAlx (taking 4.9 alum num atons per uranium atom

in UAl4) is about 3.8 and the uranium weight fraction (V\UD) in the UAly is
about 0. 70.

Substituting these values into Eg.(2), a value of "a" = 0.306 is
obt ai ned. The relationships between the uranium density and the weight
fraction of uranium in the fuel neat, and between the uranium density and
the volune fraction of the di spersed phase are then:

(1P W B 0.370 py
PuU = 5370 - 0.306 W) Vo = (1 - P) + 0.306 py

pu = 4.5 Vv U x

A pl ot1l of the fuel neat (core) density and porosity of uranium
alum nide fuel for different uraniumdensities is shown in Fig. 4. The
figure indicates that at constant core density, the porosity increases with
i ncreasing uranium | oading. For calculational purposes, an average porosity
of 7 vol-%is comonly used.



Table 2. Properties of Uranium A uninide (UA x) Powder and
Used to Manufacture Fuel

(From Ref. 11).

t he ATR React or

Core Conpacts

Power Speci fi ed Typi cal
| sot opi ¢ Conposi tion:
ZZU cont ent 93.0 + 1.0 W % 953.3179
U cont ent 0 .
2 cont ent 6.0 = 10w 0. 44
U cont ent 0.3 £0.2 wt% 1. 00
1.2 maxi mum wt %
Cheni cal Conposition:
Urani um 69.0 + 3.0 W% 71.28
Oxygen 0.60 wt % maxi num 0.25
Car bon 0. 18 wt % maxi num 0. 05
Ni trogen 0. 045 wt % maxi num 0.032
Hydr ogen 0.020 W % naxi mum 0. 005
Nonvol atile matter 99.0 Wt % ni ni mum 99.9
Easily extracted fatty
and oily matter 0.2 W % maxi mum 0. 09
EBC' 30 ppm naxi num <6
Physi cal Properties:
Particle size
U S. standard nesh -100 +325 nesh 76.0
= 75% mi m mum
-325 nesh 24.0
. . = 25% maxi mum
Crystalline constituents -
by x-ray diffraction 50% UAI , ni ni mum 6% UAI ,°
no unal [ oyed U 63% UAl ,
core Go t 31% VA,
re npac
For ATR zone | oaded
core fuel | oading,
g 235U cni core 1.00, 1.30, 1.60
(maximun) wt % UAI, in core 1.00 g ®*Ucmi 46. 4
’ 1.30 g U cni 54. 4
1.60 g **Ucm 62.8
Ur ani um concentrati on, 1.00 g *Uc 2.76 x 10%
U atom cni of core (maxi num 1.30 g **Ucm 3.58 x 10*
1.60 g *Ucni 4.41 x 10"

aEBC = equi val ent boron content

bEj t her UA 2 or UAI 3 reacts with an excess of alum num at noderate
tenmperatures to form UAl 4. Thus, the finished fuel plate cores, ready for

reactor use, contain UAl 3 and UAl 4 as the fuel conpound. 1l
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4.2 Specific Heat of Al um nide Fuel

Using Egs.(5) and (6), the specific heat of UAl x that consists of 60 w-%
UAl 3 and 40 wt-% UAl 4 is given by:

Coualy = WAz Souas *Was S uag

=0.387 +0.00022 T J/gK, Tin°C

The specific heat of UAI x-Al fuel meat is obtained by summing the
specific heats of the UAI x and aluminum phases, weighted by their respective
fractions:

=Cp, Al +1.43W y(C p,uAix -C p, Al)
=0.892 +0.00046 T - W U (0.722 + 0.00034 T) J/igK, Tin°C

4.3 Thermal Conductivity of Al um nide Fuel

Available data on the thermal conductivity of aluminide fuels (that are
typical of those in reactor use) are limited to three data points (Ref. 6)
calculated for ATR sample fuel plates using thermal diffusivity measurements
(Ref. 10) at Battelle Northwest Laboratories on MTR-ETR type fuel plates.
The data from Table Il of Ref. 6 are reproduced in Table 3 below.

Table 3. Thermal Conductivity of ATR Sample Fuel Plates Calculated (Ref.
6)from Thermal Diffusivity Measurements (Battelle Northwest,

Ref.10).
Thermal Heat Thermal
Diffusivity, Fuel Plate  Capacity, Conductivity,
cm 2/s Density, g/cm 3 Jig °C W/cm K
Plate Fuel 25°C  600°C 25°C 600°C 25°C 600°C 25°C 600°C

P-1-1047 UAlI x 032 0.25 2.953 2.830 0.766 0.996 0.724 0.703
P-1-1048 UAlI x 0.38 0.33 2.980 2.855 0.758 0.984 0.858 0.925

P-5-576 UAl x 0.33 0.24 3.00 2872 0.737 0.963 0.728 0.661

Thermal conductivities in Table 3 were obtained using the relation:
K= apCp

where K is the thermal conductivity, a is the thermal diffusivity, pis
the density of the plate, and C p is the heat capacity.
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The sanple fuel plates in Table 3 had a thickness of 1.296 mm with a
6061 Al cladding thickness of about 0.394 mm and an assuned fuel neat
t hi ckness of 0.508 mm  The fuel neat contained about 35.4 vol-% UAl x (57.7

wt-% UAl ) and had a porosity of about 6 vol-% The matrix material was
X8001 al umi num all oy and the uranium density in the fuel meat was about 1.6

g/ cm3.

The thermal conductivity of the UAl x-Al fuel meat can be cal culated from
the fuel plate data in Table 3 using the relation:

tplate _ Uneat + 2 te) ad
KpI ate Kreat Kel ad

wher e tp| ater tmeatr and tg 4q are the thicknesses of the plate, fuel neat,

and cl addi ng, respectively. 6061 Al cladding has a thernmal conductivity of
1.80 Wcm K and is essentially constant over the tenperature range
considered. The thermal conductivity of the UAl x-Al fuel neat for the three

fuel plates listed in Table 3 is then:

Tabl e 4. Cal cul ated Thermal Conductivities of the UA x-A Fuel
Meat in the Three Sanple Fuel Plates in Table 3.

Thermal Conductivity
Vol - % Percent of Fuel Meat, Wcm K

EI_Et_ e EEEI___NEi Elél_x Porosity 25°C 600°C
P-1-1047 UAI x-Al 35.4 6 0.376 0.361
P-1-1048 UAI x-Al 35.4 6 0.474 0.527
P-5-576 UAIX-Al 35.4 6 0.378 0.334
The thermal conductivity data for UAI x-Al fuel at 25°C are plotted in
Fig. 8 (Section 6), which compares the thermal conductivities of U 30g-Al,

U3Si 2-Al, and U 3Si-Al fuel meats as a function of the volume percent of fuel

dispersant plus voids. From the data in Fig. 7, we conclude that all four
of these dispersion fuels have approximately the same thermal conductivity.

Since the thermal conductivities of UAI x and U 3Si2 and the metallurgical
properties of UAI x-Al fuel and U 3Si 2-Al fuel are very similar, we suggest
that the measured thermal conductivity data for U 3Si 2-Al fuel be used for

UAI x-Al fuel as well.
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5.0 U30g-Al Dl SPERSI ON FUEL

5.1 Uranium Density Rel ations for Oxide Fuel
The density of the high-fired U30Og used by the H gh Flux |sotope Reactor

(HFIR) at ORNL is 8.22 g/cmd and V\B = 0.846. Substituting these data into

Eq. (2), one obtains a = 0.294. The relationships between the uranium
density and the weight fraction of uraniumin the fuel neat, and between the
urani um density and the volunme fraction of the dispersed phase are then:

B (1 - P W _ 0.370 pu
Pu = 0.370 - 0.294 W) V\U‘(l-p)+o.294 pU

py = 7.0 Vs BB

The void content of U30g-Al fuel neat depends on the concentration of
U30g and to a | esser extent on the fuel neat thickness. The void content as
a function of U30Og concentration for plates with two fuel neat thicknesses

fabricated by ORNL1Z are shown in Fig. 5. Appropriate values of P for use
in the uraniumdensity relations should be obtained fromthis figure or from
simlar data supplied by the fuel manufacturer.

5.2 Specific Heat of Oxide Fuel

Speci fic heat dat al3 for U30g in the temperature range from 0-300°C is
represented approximately by the linear relationship:

Cp,U308 =0.27 +0.00030 T J/igK, Tin°C

If W yis the uranium weight fraction and C p, Al is the specific heat of
aluminum [Eq.(4)], the specific heat of the U 305-Al fuel meat is given by:

Cp,U 308-Al=(1L-W  (J0.848)C p, Al +(W (J0.848)C p,U30g

=0.892 +0.00046 T - W u(0.734 + 0.00019T) J/g K, Tin°C

5.3 Thermal Conductivity of Oxide Fuel

Figure 6 shows a curve of measured 14 thermal conductivity versus uranium
loading for U 30g-Al dispersion material. For the lightly loaded

dispersions, the decrease in conductivity with increasing volume fraction of

U3Q0g is linear, primarily due to the substitution of the low conductivity

oxide (k ~ 0.3-0.5 W/m K) 15 for aluminum. As more U 30g is added, however,
the thermal conductivity drops more dramatically. In the range of uranium

loadings between 2.5 and 3.1 g/cm 3, the thermal conductivity ranges from 30
to 12 W/m K.
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6.0 U3Si 2-Al AND U3Si - Al DI SPERSI ON FUELS

The devel opnent and testing of wuranium silicide fuels has been an
international effort, involving national reduced enrichnent prograns,
several comercial fuel fabricators, and several test reactor operators.
Nurmerous results of this effort have been published previously. Sone of the
results are summarized in this section.

As with the urani umal um num system the uraniumsilicon system normally
consists of a nmixture of internetallic conpounds, or phases. The quantity
of each phase present depends upon the conposition and honobgeneity of the
alloy and on its heat treatnent. Since the different phases behave
differently under irradiation, know edge of the phases to be expected in the
fuel is necessary to correctly interpret test results and to prepare
specifications. For this reason, a detailed discussion of the phases in the
uraniumsilicon system is presented in Appendix 1-1.2 (Ref. 16). Furt her
properties of uraniumsilicide fuels can be found in Refs. 17-19.

6.1 Uranium Density Relations for Silicide Fuels

The densities of the U3Sip2 and U3Si dispersants that were neasured at
ANL, the corresponding weight fractions of uranium in each dispersant, and

the value of the paramater "a" in EqQ.(2) are given bel ow
Silicide Measur ed
Di sper sant wt - % Si Density g/cn® V\B a
U3Si 2 7.5 12. 28 0. 925 0.312
U3Si 4.0 15. 2P 0. 960 0.317

aAs- ar c- cast .
bAfter heat treatment of 72 h at 800°C.

The relationships between the uranium density and the weight fraction of
uranium in the fuel meat, and between the uranium density and the volume
fraction of the dispersed phase are then:

. @1-PW y _ 0370 py
Pu= 0370-aw y W U 4P +a

Pu

with appropriate values of the parameter "a" for each dispersant.
py=11.3v UBSi2 py=146Vv BSi

Porosity remaining after fabrication of dispersion fuel meat provides
space to accomodate the initial swelling of the fuel particles under

irradiation. Data obtained at ANL from measurements 20 on U 3Si 2 miniplates

are plotted in Fig. 7. These data are well fit 17 py the cubic function:

- 2 3
% p=0072V [-0275V F+132V F
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where Vp and Vg are the volune fractions of porosity and fuel dispersant in

the meat, respectively. The anount of as-fabricated porosity increases
significantly as the volune |oading of fuel dispersant increases because it
becones nore difficult for the matrix aluminummatrix to flow conpletely

around al| fuel particles, especially those in contact with one another 20.

It is inmportant to note that the porosity in the fuel neat of fabricated
fuel plates varies from fabricator to fabricator due to differences in
manuf acturing techniques in the alumnum alloys of the cladding. For
exanpl e, consider the nomnally identical U3Sio fuel elenments fabricated by
B&W CERCA, and NUKEM for irradiation testing in the GCak Ri dge Research
React or . The porosity content of the fuel cores produced by a given
fabricator remained virtually constant, but there was a varaiation from
fabricator to fabricator: 4 vol-% for CERCA, 7-8 vol-% for NUKEM and 9-10
vol -% for B&W Differences in nmaterial or fabrication paranmeters which
m ght have contributed to the different amount of porosity include: (1)
strength of the alum num alloy used for frames and covers -- the CERCA all oy
was by far the strongest while the B&W alloy was the weakest; (2) the
rolling temperature -- 425°C for CERCA and NUKEM and ~500°C for B&W; (3) the
amount of fines in the U 3Si 2 powder -- 40 wt-% for CERCA and 17-18 wt-% for
NUKEM and B&W; (4) the rolling schedule, especially the amount of cold
reduction; and (5) the relationship between the size of the compact and the
size of the cavity in the frame.

6.2 Specific Heats of Silicide Fuels

The specific heats of U 3Si2 and U 3Si as a function of temperature have

been derived 17 from plots of specific heat data 21 for stoichiometric U 3Si
and for a U-Si alloy at 6.1 wt-% Si:

C p,U3Si2 =0.199 + 0.000104 T J/gK, Tin°C
C p,U3Si =0.171+0.000019 T J/gK, Tin°C
If W yis the uranium weight fraction and C p, Al is the specific heat of
aluminum [Eq.(4)], the specific heats of U 3Si 2-Al and U  3Si-Al fuel meat are

given by:
Cp,U 3Si2-Al=(1-W U0.925)C p, Al +(W 0.925)C p,U3Si2

=0.892 +0.00046 T - W U (0.749 + 0.00038 T) JigK, Tin°C

Cp,U 3Si-Al =(1-W U0.960) C p, Al +(W J0.960)C p,U3Si

=0.892 + 0.00046 T - W U (0.751 + 0.00046 T) JigK, Tin °C

6.3 Thernal Conductivity of Silicide Fuel s’

Both U 3Si 2 and U 3Si have a thermal conductivity of ~15 W/m K 22 values
of the thermal conductivities of the fuel meat in unirradiated U 3Si 2-Al
dispersion fuel plates, measured at 60°C, are listed in Table 5 and are
plotted in Fig. 8. 23 Most of the samples were cut from miniature

fuel plates produced at ANL for use in out-of-pile studies. Two samples
came from a full-sized plate from a lot of plates fabricated by CERCA for
the ORR test elements. The porosities of these miniplates follows the trend
discussed in Section 6.1 but are somewhat larger, owing, presumably, to the
different shape of the fuel zone than in the miniplates fabricated for
irradiation testing (cylindrical rather than rectangular compacts were
used).
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Tabl e 5. Thermal Conductivities of U3Si 2- Al um num Di spersi ons

Fraction U3Si 2 Ther mal

Sanpl e of Fuel Vol umel Conduct . of Tenperature
| denti f - -325 Mesh, Fraction, Porosity, 2 pi spersi on Coeffi ci ent,
i cation wt - % % vol-% at 60°C, W/mK W/mK 2
CS148 15 13.7 19 181 0.148
CS106 15 32.3 6.0 78 0.029
CS140 0 394 9.2 40 0.014
CS141 15 37.0 9.3 48 5x10 -4
CS142 25 39.1 9.5 40 0.017
CERCA #1 41.5 46.4 4.0 59 0.161
CERCA #2 41.5 46.4 4.0 59 0.076

CS143 15 46.4 154 13.9 0.010

1petermined on the thermal conductivity specimens using a radiographic
technique.

2 Average value for roll-bonded fuel plate.

In Fig. 8, the thermal conductivity decreased rapidly as the volume
fraction of fuel plus porosity increases (and the volume fraction of
aluminum matrix decreases), owing to the ~14 times larger thermal
conductivity of aluminum than U 3Si 2. For very low volume loading of U 3Si 2,
it would be expected that the thermal conductivity of the dispersion would
be proportional to the amount of aluminum present, since the aluminum matrix
should provide a continuous thermal path. Indeed, this is the case for
sample CS148. At higher volume fractions of U 3Si 2 plus void, however, the
aluminum ceases top be the continuous phase, and the thermal conductivity
decreases more rapidly than the volume fraction of aluminum. At very high
loadings the aluminum ceases to play a significant role, and the thermal
conductivity approaches that of the fuel. It may even become lower than
that of the fuel alone because of poor thermal contact between fuel
particles. The microstructure of the meat, specifically the distribution of
the voids, can significantly affect the thermal conductivity. It appears
that thin planar regions in which voids are associated with fractured fuel
particles are responsible for the large difference in thermal conductivity
exhibited by the CERCA samples and sample CS143. The larger void content of
the CS samples than measured in the miniplates fabricated for irradiation
testing or in full-sized plates most likely indicated the presence of more
of such planar void regions. Therefore, it is believed that the thermal
conductivity curve in Fig. 8 for U 3Si 2-Al fuel meat represents essentially a

lower limit for the thermal conductivities of full-sized fuel plates.

The data for U 3Si 2-Al dispersions are virtually indistinguishable from
those obtained in the same series of measurements for U 3Si-Al dispersions.
They are also quite similar to data obtained in other measurements of
thermal conductivities of UAI x-Al dispersions 6 and U 30g-Al dispersions. 14
The U 308-Al data fall somewhat below the U 3Si 2-Al data, possibly because the
friable nature of U 30g leads to the formation of more planar void regions
than are present in U 3Si 2-Al fuel.
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